ABSTRACT: Lammas growth, a rare phenomenon for Korean red pine (Pinus densiflora), occurred in 2006. Lammas shoots showed higher frequency and longer length in Seoul's hotter urban center than in urban boundary or suburban forest sites. Frequency and length showed a close correlation with urbanization density and vegetation cover expressed in NDVI. Air temperature in the late summer of 2006 was more than 1 higher than an average year. Of the predominant environmental signals that modulate bud flush, only temperature changed significantly during the year. Differences in temperature between the urban centers, urban boundaries and suburban forests correlated with varying land-use density. The rise in temperature likely spurred lammas growth of the Korean red pine. Symptoms of climate change are being detected throughout the world, and its consequences will be clearer in the future. Considerate interest in the responses of ecological systems to the variable changes is required to prepare for unforeseeable crises. Monitoring of diverse ecological phenomena at Long Term Ecological Research sites could offer harbingers of change.
INTRODUCTION
In late summer, as day length begins to decrease, shoot elongation is suspended and overwintering buds begin to form in most temperate woody plants. Growth of overwintering bud occurs as temperature and day length increase in spring and is referred to as "predetermined growth."
The amount and types of shoot elongation that occur during the growing season are integral components of the annual developmental phases in plants. Rapid juvenile height growth is necessary for seedlings to survive inter-and intra-specific competition. But the developmental sequence, which begins with bud burst and ceases with cold acclimation, must be completed within the frost-free period (Dietrichson 1964 , Rehfeldt 1983 .
"Lammas growth," or "free growth," are shoots that form after a pause in summer growth (Kaya et al. 1994) . The capacity for this second flush is a plant adaptation to favorable conditions during the growing season, the result of an ability to cease growth during periods of unfavorable conditions and resume growth when favorable conditions return (Loopstra 1984) . This pressure to increase height through an extension of the shoot-growth period is balanced by the necessity to avoid damage or death from early frost or late-summer drought (Rehfeldt 1983) . Lammas shoots will eventually form an overwintering bud, one less cold hardy than a normal shoot (Kaya et al. 1994) . Consequently, growth initiation and cessation is associated with susceptibility to late spring and early fall frosts and is therefore important to the long-term survival and vigor of the tree (Kaya et al. 1994) .
Environmental signals -such as photoperiodicity, temperature, and winter chilling-affect dormancy release, cell cycling, and elongation of meristematic tissue in the spring (Campbell and Sugano 1975 , Campbell and Sorensen 1978 , Steiner 1979 . Bigras and D'Aoust 1993 , Hanninen 1995 . The signals that modulate the timing of a spring bud flush are predominately winter chilling and spring temperatures. These signals have a synergistic effect on the release of dormancy in the spring, providing the adaptive plasticity needed to survive yearly climatic fluctuations. "Winter chilling" is prolonged exposure to low temperatures, and the winter chill requirement is an elegant adaptation by a broad spectrum of woody plants (Sorensen 1983) that enables them to "sense" when winter is over, and growth can resume with minimal risk of frost damage. The ambient temperature of the air and soil in the spring is also important in the timing of dormancy release and the rate of cell expansion in the spring. In locations or years in which the winter chilling requirement is unsatisfied, warm spring temperatures and extended day length compensate, initiating the release of dormancy (Campbell and Sugano 1975 Evidence of climate change is being detected throughout the world, and the most prevalent symptom is rising air temperatures. Some figures suggest that temperatures will increase in by an average of 4 throughout the world by 2080 (Kwadijk 1993 , Middelkoop et al. 2001 ). This world-wide rise in temperature corresponds to a latitude difference of approximately 4˚, a significant difference because vegetation zones could change. Climate scenarios vary considerably, and there is extensive discussion within the Intergovernmental Panel of Climate Change (IPCC) about the precise rate and extent of future variations in temperature and precipitation. Therefore, it is difficult to predict the responses of biological species or ecosystems to potential changes.
In Korea, the fall of 2006 was hot compared with an average year (Fig. 3) . Although lammas growth is a rare phenomenon in Korean red pine (Pinus densiflora), many trees formed shoots in 2006.
This study aims to clarify 1) the actual status of 2006 lammas growth in Korean red pine, and 2) the causal factors that induced growth by analyzing frequency and length of lammas shoots, temperature, land-use patterns, and vegetative cover.
MATERIALS AND METHODS

Study Site
Field survey on the lammas growth of the Korean red pine was carried out in Seoul. Thirty urban sites were chosen: 12 Gu (ward)-offices, seven universities (including one college), four public facilities, three stations, two residential areas, one elementary school, and one high school in Seoul city (Fig. 1) 
Methods
Field survey was carried during two weeks -from January 22, 2007, to February 2, 2007-to reduce differences from lapsed survey time. Frequency of lammas growth was evaluated in reference to the total number of branches. Shoot length was measured by tape ruler with a precision of mm level for 10 branches selected randomly. Terminal shoots of each branch were chosen for measurement.
Meteorological data were obtained from the Korea Meteorological Administration (KMA 2004) . Temperature at each site was obtained from the median value of temperature range extracted from the thermal band of Landsat TM satellite images.
Urbanization ratios were calculated by a percentage of urbanized 12, 2006 . NDVI is based on the ratio between the maximum absorption of radiation in the red spectral band versus the maximum reflection of radiation in the near infrared spectral band. NDVI values range between -1.0 and +1.0 (Jensen 1996), with those approaching +1.0 indicating the presence of dense vegetation
